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ABSTRACT 

T e c h n i c a l  d i s c u s s i o n s  were h e l d  a t  t h e  J e t  P r o p u l s i o n  
L a b o r a t o r y  and A m e s  R e s e a r c h  C e n t e r .  
Bellcomm were D .  E .  C a s s i d y  and D .  Macchia .  

The r e p r e s e n a t i v e s  o f  

A t  J P L ,  d i s c u s s i o n s  were h e l d  r e l a t i n g  t o  t h e  s t e r i l i z a t i o n  
r e q u i r e m e n t s  and a t m o s p h e r i c  e n t r y  heat  s h i e l d  w e i g h t s  f o r  t h e  p r o b e s  
b e i n g  c o n s i d e F e d  d u r i n g  t h e  1975 manned Mars f l y b y  s t u d i e s .  JPL's 
c a l c u l a t i o n  of t h e  h e a t  s h i e l d  weight  for an  MSSR t y p e  v e h i c l e  
compares  f a v o r a b l y  w i t h  t h e  1 5  t o  20% of e n t r y  w e i g h t  es t imated  a t  
Bellcomm; a l t h o u g h ,  t h e y  i n d i c a t e d  i t  c o u l d  be  as h i g h  as 25% when 
a l l  u n c e r t a i n t i e s  a r e  combined.  P r e s e n t l y , ,  J P L  i s  n o t  c o n s i d e r i n g  
any s t e r i l e  p r o c e d u r e s  f o r  e n t r y  t h r o u g h  a p l a n e t a r y  p r o b e  b i o -  
s h i e l d ,  n o r  are  t h e y  e n t h u s i a s t i c  a b o u t  d e v e l o p i n g  s u c h  p r o c e d u r e s .  
They do f e e l ,  t h o u g h ,  t h a t  by t h e  e a r l y  1 9 7 0 ' s  a l l  p r o b e  s u b s y s t e m s  
w i l l  b e  c a p a b l e  of  thermal  s t e r i l i z a t i o n .  

A m e s  R e s e a r c h  C e n t e r ,  V e h i c l e  Environment  D i v i s i o n ,  
p e r s o n n e l  are  d e v e l o p i n g  t e c h n i q u e s  f o r  d e t e r m i n i n g  t h e  p r o p e r t i e s  
o f  p l a n e t a r y  a t m o s p h e r e s  w i t h  t h e  u s e  o f  a c t i v e  e n t r y  p r o b e s  and  
s e n s o r s .  Upper a t m o s p h e r i c  d e n s i t y  c a n  b e  o b t a i n e d  down t o  a 
v e l o c i t y  on t h e  o r d e r  of 1 0 %  of e n t r y  v e l o c i t y  u s i n g  .l% a c c e l e r o -  
m e t e r s .  
p r e s s u r e  and  t e m p e r a t u r e  a p p e a r s  t o  o f f e r  a r e a s o n a b l e  a p p r o a c h  
f o r  d e t e r m i n i n g  f r e e  stream c o n d i t i o n s .  
s p e c t r a l  e m i s s i o n  f rom t h e  h i g h  t e m p e r a t u r e  p l a sma  i s  b e i n g  
i n v e s t i g a t e d  as a t o o l  for i d e n t i f y i n g  a t m o s p h e r i c  g a s  c o m p o s i t i o n .  

A t  t h e  l o w e r  v e l o c i t y  end  o f  e n t r y ,  d i r e c t  s e n s i n g  of  

I n  a d d i t i o n ,  a n a l y s i s  o f  
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Technical discussions were held at the Jet Propulsion 
Laboratory and Ames Research Center. The represenatives of 
Bellcomm were D. E. Cassidy and D. Macchia. 

The purpose of the JPL discussions was to determine the 
implications of sterilization requirements on unmanned Mar's probes 
accompanying a manned flyby; and, to clarify questions relating to 
the heat protection and structural penalties associated with landing 
a payload on Mars from a direct approach at 32,000 fps. JPL was 
represented by E. Pounder, R. Thompson, and associates. 

The purpose of the Ames visit was to discuss techniques 
being considered by Ames for determining the properties of planetary 
atmospheres. Ames was represented by A. Seiff, H. Larson, C. James, 
and associates. 

HEAT SHIELD 

Jet Propulsion Laboratory personnel did not have data 
available on the heat protection requirements for unmanned Mars 
entry probes at the high velocity (32,000 fps) and narrow entry 
corridor (between 10 and 20 nm) being considered f o r  the 1975 
manned Mars twilight flyby. They did agree, though, to run a 
check point with their heat shield sizing program f o r  a vehicle 
similar to the MSSR. Part of these results were received at 
Bellcomm on December 12, 1966. Their conclusions were that the 
ablation plus insulation material, for the worst case atmosphere 
(VM-7), represents 9% and 11% of the entry weight for 50OoF and 
30OoF back face temperatures, respectively. They indicated that 
an upper limit f o r  these values, when all the uncertainties are 
combined, e.g., atmospheric composition, transport properties, and 
transport coupling, could be as high as 15%. 

Their check of the entry shell support structural require- 
ments, however, have not been determined, to date, due to their 
heavy work load. It is estimated that the structural fraction 
should be between 5 %  and 10%. Based on these values, the original 
estimates made at Bellcomm of between 15% and 20% for heat shield 
plus entry shell structural weight compare favorably; although, 
about 5% to 10% lighter than the worst case. 
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STERILIZATION REQUIREMENTS 

A d d i t i o n a l  d i s c u s s i o n s  a t  J P L  c e n t e r e d  on t h e i r  o p i n i o n s  
and  s t u d i e s  o f  a l t e r n a t e  o p e r a t i o n a l  p r o c e d u r e s  t o  meet t h e  s t e r i -  
l i z a t i o n  r e q u i r e m e n t  f o r  p l a n e t a r y  e n t r y  p r o b e s .  P a r t i c u l a r  t o p i c s  
i n c l u d e d  t h e  c u r r e n t  Voyager ground r u l e s  which do n o t  a l l o w  s t e r i l e  
m a i n t e n a n c e  or p a r t s  r ep lacemen t  w i t h i n  t h e  b i o - s h i e l d  or t h e  t r a n s -  
f e r  of  s t e r i l e  p r o p e l l a n t s  t h r o u g h  t h e  b i o - s h i e l d  a f t e r  t e r m i n a l  
h e a t  s t e r i l i z a t i o n .  

J P L  i s  n o t  c o n s i d e r i n g  t h e  deve lopment  of  s t e r i l e  p ro -  
c e d u r e s  f o r  e n t r y  t h r o u g h  a ppobe b i o - s h i e l d ,  a l t h o u g h  s u c h  p r o c e d u r e s  
may w e l l  a l l o w  m a i n t e n a n c e ,  p a r t s  r e p l a c e m e n t ,  or t h e  i n s e r t i o n  o f  
s t e r i l e  s u b - a s s e m b l i e s  which unde r  c u r r e n t  t e c h n o l o g y  c o u l d  n o t  
w i t h s t a n d  t h e  t e r m i n a l  h e a t  s t e r i l i z a t i o n .  They a re  o f  t h e  o p i n i o n  
t h a t  s t e r i l e  e n t r y  i s  n o t  f e a s i b l e .  T h e i r  argument  i s  a s t a t i s t i c a l  
one ;  t h a t  i s ,  s o o n e r  or l a t e r  an a c c e p t e d  e n t r y  p r o c e d u r e  i n t r o d u c e s  
m i c r o r g a n i s m s .  I n  t h e  same s t a t i s t i c a l  s e n s e ,  one c o u l d  a r g u e  f o r  
p r o c e d u r e s  which have  a p r o b a b i l i t y  o f  c o n t a m i n a t i o n  e q u a l  o r  l o w e r  
t h a n  what i s  a c c e p t a b l e .  (The a u t h o r s  n o t e  t h a t  a Voyager c a p s u l e  
i s  s t e r i l e  o n l y  i n  t h e  s t a t i s t i c a l  s e n s e ,  s i n c e  t h e r e  i s  no  r e a s o n -  
a b l e  way t o  d e t e c t  t h e  p r e s e n c e  o f  one mic robe  on a s p a c e c r a f t ) .  

J P L  p e r s o n n e l  a l s o  r e g a r d  s t e r i l e  subsys t em i n s e r t i o n  
t e c h n i q u e s  t o  b e  u n n e c e s s a r y  s i n c e  c u r r e n t  i n d i c a t i o n s  a re  t h a t  by 
t h e  e a r l y  1970's a l l  sub -as sembl i e s  w i l l  b e  c a p a b l e  of t h e r m a l  
h e a t  s t e r i l i z a t i o n .  If t h i s  i s  s o ,  t h e  a u t h o r s  n o t e  t h a t  c o n s i d e r a -  
t i o n  s h o u l d  t h e n  b e  g i v e n  t o  p o s t  m a i n t e n a n c e  heat s t e r i l i z a t i o n  
o f  c o m p l e t e l y  assembled p r o b e s  on t h e  l a u n c h  pad  or even  d u r i n g  
a manned miss ion .  

C u r r e n t  Voyager p l a n s  c a l l  f o r  t h e  r e p l a c e m e n t  o f  a 
s t e r i l i z e d  p r o b e  by a n  i d e n t i c a l  p robe  a t  t h e  l a u n c h  s i t e  i f  any 
m a l f u n c t i o n s  a r e  d i s c o v e r e d .  The a u t h o r s  q u e s t i o n e d  t h i s  p h i l o s o p h y  
f o r  complex and p h y s i c a l l y  l a rge  p r o b e s  and  s u g g e s t e d  t h a t  p e r h a p s  
s t e r i l e  r e p a i r  p r o c e d u r e s  s h o u l d  b e  d e v e l o p e d  s i m p l y  b e c a u s e  m a l -  
f u n c t i o n s  a r e  a l m o s t  c e r t a i n  t o  o c c u r  and i t  w i l l  b e  d i f f i c u l t  t o  
r e p l a c e  t h e  p r o b e  ( i . e . ,  t he re  i s  a s i z e  and  c o s t  a t  which some- 
t h i n g  i s  r e p a i r e d  r a t h e r  t h a n  r e p l a c e d ) .  J P L  s u g g e s t e d  t h a t  t h e  
p r o b e s  w i l l  b e  p r e t e s t e d  s u f f i c i e n t l y  t o  i n s u r e  t h a t  m a l f u n c t i o n s  
do n o t  o c c u r  a f t e r  t h e  f i n a l  h e a t  c y c l e .  

JPL i s  n o t  c o n s i d e r i n g  t h e  p o s s i b i l i t y  o f  t r a n s f e r r i n g  
p r o p e l l a n t s  i n t o  a p r o b e  a f t e r  s t e r i l i z a t i o n  s i n c e  s u c h  a p r o c e d u r e  
v i o l a t e s  Voyager g round  r u l e s .  A c t u a l l y ,  Voyager  p r o p e l l a n t  r e q u i r e -  
ments  a r e  r e l a t i v e l y  small  and none of  t h e  e n v i s i o n e d  m i s s i o n  modes 
r e q u i r e  h i g h  p r o p e l l a n t  f r a c t i o n  ( low t a n k  w e i g h t )  p r o p u l s i o n  s y s t e m s .  
Thus ,  t h e r e  h a s  n o t  b e e n  any r ea l  need  f o r  a r e - e x a m i n a t i o n  o f  t h i s  
g round  r u l e .  T h e i r  i n i t i a l  t h o u g h t s  on t h e  p o s s i b i l i t y  o f . s t e r i l e  
t r a n s f e r  of p r o p e l l a n t s  were p e s s i m i s t i c .  
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I n  summary J P L  has c o n c e n t r a t e d  i t s  e f f o r t s  on 
s a t i s f y i n g  t h e  Voyager  ground r u l e s  and have  n o t  g i v e n  much 
t h o u g h t  t o  any a l t e r n a t e  p r o c e d u r e s .  

APilES RESEARCH CENTER 

A l v i n  S e i f f ,  Ch ie f -Veh ic l e  Envi ronment  D i v i s i o n ,  and  
a s s o c i a t e s  a re  d e v e l o p i n g  t e c h n i q u e s  f o r  d e t e r m i n i n g  t h e  p r o p e r t i e s  
o f  p l a n e t a r y  a t m o s p h e r e s  w i t h  t h e  u s e  o f  a c t i v e  e n t r y  p r o b e s  and  
s e n s o r s .  I t  i s  f e l t  t h a t  t h e  u p p e r  a tmosphe re  d e n s i t y  p r o f i l e  can  
b e  d e t e r m i n e d  q u i t e  a c c u r a t e l y  w i t h  a n  on-board  t h r e e - a x i s  a c c e l e r o -  
meter .  T h i s  t e c h n i q u e  i s  l i m i t e d  t o  t h e  h i g h e r  v e l o c i t y  p o r t i o n  
o f  e n t r y  due  t o  a c c e l e r o m e t e r  b i a s  e r r o r s .  U t i l i z i n g  . l% 
a c c e l e r o m e t e r s  and i n s t r u m e n t  s c a l e  c h a n g e s ,  t h e  p r a c t i c a l  l i m i t  
o f  t h i s  t e c h n i q u e  would be  down t o  a v e l o c i t y  on t h e  o r d e r  o f  1 0 %  
o f  t h e  e n t r y  v e l o c i t y .  Below t h i s  v e l o c i t y ,  a d i r e c t  s e n s i n g  
t e c h n i q u e  i s  r e q u i r e d .  An a d d i t i o n a l  d i f f i c u l t y  i n  u p p e r  a t m o s p h e r i c  
d e n s i t y  s e n s i n g  i s  t h e  d e t e r m i n a t i o n  o f  a l t i t u d e  a n d ,  t h e r e f o r e ,  
f l i g h t  p a t h  a n g l e .  F o r  a nominal  90' e n t r y  a n g l e ,  a l t i t u d e  e r r o r s  
a r e  l e s s  s e n s i t i v e  t o  e n t r y  a n g l e  e r r o r s  t h a n  a t  n o m i n a l l y  s h a l l o w  
e n t r y  a n g l e s ,  b u t  a v e r y  low b a l l i s t i c  parameter i s  r e q u i r e d  t o  
p r o v i d e  s u f f i c i e n t  s low down f o r  data  t r a n s m i s s i o n  f o l l o w i n g  
communicat ion b l a c k o u t .  This  problem c o u l d  be  a l l e v i a t e d  some- 
w h a t  on l a r g e  p r o b e s  e n t e r i n g  a t  s h a l l o w  a n g l e s  where a t t i t u d e  
s e n s i n g  and r a t e  c o n t r o l  cou ld  b e  employed to r e s o l v e  mot ion  a l o n g  
t h e  f l i g h t  p a t h  t o  m o t i o n  normal  t o  t h e  p l a n e t  s u r f a c e .  

A d i r e c t  s e n s i n g  t e c h n i q u e  u n d e r  c o n s i d e r a t i o n  i s  p r e s e n t l y  
r e s t r i c t e d  t o  t h e  s u b s o n i c  r ange  o f  f r e e  stream v e l o c i t y ,  a l t h o u g h  
i t  c o u l d  b e  e x t e n d e d  i n t o  t h e  low s u p e r s o n i c  r a n g e .  P r e s s u r e  and  
t e m p e r a t u r e  s e n s o r s  on t h e  v e h i c l e  s u r f a c e  p l u s  a c c e l e r o m e t e r  r e a d i n g s  
are u s e d  t o  d e t e r m i n e  f r e e  stream d e n s i t y ,  t e m p e r a t u r e ,  and v e l o c i t y .  
T h i s  method g e n e r a l l y  r e q u i r e s  p o s t - f l i g h t  s i m u l a t i o n  t o  c o r r e l a t e  
a l l  measurements ,  i n c l u d i n g  t r a j e c t o r y  p a t c h i n g  and a t m o s p h e r i c  
compos i t io r i  da t a .  The t e c h n i q u e  was s u c c e s s f u l l y  d e m o n s t r a t e d  i n  
t h e  e a r t h ' s  a tmosphe re  a t  1 3 0 , 0 0 0  f t  and Mach .9 w i t h  a 50' b l u n t  
cone  e n t r y  s h e l l .  

A m e s  p e r s o n n e l  b e l i e v e  t h a t  a t m o s p h e r i c  c o m p o s i t i o n  c a n  
b e  d e t e r m i n e d  b y  a n a l y z i n g  t h e  r a d i a t i v e  e m i s s i o n  from t h e  gases 
i n  t h e  shock  l a y e r  i n  f r o n t  of t h e  e n t r y  p robe .  They a r e  b a s i n g  
t h e  t e c h n i q u e  on t h e  fundamen ta l  p r o p e r t i e s  o f  gases t o  r a d i a t e  i n  
i d e n t i f i a b l e  b a n d s ,  l i n e s ,  and c o n t i n u a l  c h a r a c t e r i s t i c  of t h e  
p a r t i c u l a r  gases i n v o l v e d .  I n  t h e  c a s e  of' a n i t r o g e n - c a r b o n  d i o x i d e -  
a r g o n  a t m o s p h e r e ,  a h i g h l y  p r o b a b l e  m i x t u r e  f o r  Mars, t h e  C N  m o l e c u l e ,  
f o r  example ,  i s  a v e r y  prominent  r a d i a t o r  i n  t h e  3500 - 3880 A 
band.  By c h o o s i n g  t o  " l o o k "  a t  t h i s  band ,  t h e  r e c o r d e d  i n t e n s i t y  
(wh ich  i s  a f u n c t i o n  o f  f l i g h t  c o n d i t i o n s )  c a n  b e  u s e d  to d e t e r m i n e  
t h e  f r e e  stream mole f r a c t i o n s  of  n i t r o g e n ,  c a r b o n  d i o x i d e ,  and 
a r g o n .  
5200 A), t h e  u n c e r t a i n t i e s  i n  gas i d e n t i f i c a t i o n  a r e  r e d u c e d .  

By choos ing  a d d i t i o n a l  b a n d s ,  e . g . ,  Swan C 2  s y s t e m  ( 4 2 0 0  - 
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Since discrete wavelengths are looked at, the problem 
of ablation products interference is reduced (assuming the spectral 
properties of the hot ablation products are defined). In addition, 
the sensing probe would be placed at the stagnation point where 
the least contamination from ablation exists. 

There is some difficulty as to the number of possible 
gas mixtures and the amount of data (and, therefore, transmission 
bit rate) required to define the gas composition. Since only 
discrete wavelengths (bands and lines) can be recorded during the 
spectral scan, Ames personnel are attempting to identify characteris- 
tic radiators for other candidate gas mixtures in addition to the 
N2 - C02 - A mixture j u s t  mentioned. 

v 
,L L ( -  L -  7:c-t 

D. E. Cassidy 

1013- DEc-csh DM D. Macchia 

copy to 
Messrs. W. C. Beckwith - NASA/MTP 

P. E. Culbertson - NASA/MTL 
F. P. Dixon - NASA/MTY 
E. Z. Gray - NASA/MT 
M. Gruber - NASA/MTY 
E. W. Hall - NASA/MTS 
T. A. Keegan - NASA/MA-2 
D. R. Lord - NASA/MTD 
M. J. Raffensperger - iU'ASA/D;ITE 
A. D. Schnyer - NASA/MTV 

G. M. 
c. L. 
J. P. 
D. R. 
P. L. 
w. c. 
B. T. 
D. B. 
H. S. 
K. E. 
R. K. 

Anderson 
Davis 
Downs 
Hagner 
Havenstein 
Hi ttinger 
Howard 
James 
London 
Martersteck 
McFarland 

J. Z. Menard 
I. D. Nehama 
G. T. Orrok 
I. M. Ross 
T. H. Thompson 
J. M. Tschirgi 
R. L. Wagner 
All Members, Division 101 
Department 1 0 2 3  
Central Files 
Library 


